Cryptococcal infection is transmitted by the inhalation of Cryptococcus spp. propagules. Information about the Cryptococcus species inhabiting plants might be clinically relevant due to the epidemiological role of these habitats as possible sources of human infection. The aim of this study was to increase the knowledge about the environmental occurrence of cryptococcosis agents. Hollow tree vegetal debris of nine plant species was sampled quarterly over a 12-month period. Melanized colonies were screened for Cryptococcus neoformans and C. gattii by biochemical tests, followed by URA5-RFLP molecular analysis, M13 fingerprinting assays, and mating-typing with the specific a and α primers. The susceptibility to fluconazole of all of the confirmed species colonies was determined using the AFST-EUCAST broth dilution method. We found that the typical Brazilian flora tree Hymenaea courbaril yielded a high cryptococcal burden (median, 10 2 CFU/g) during the summer, autumn and winter seasons. C. neoformans VNI molecular type MAT alpha was identified in all of the samples. The fingerprinting analyses showed great molecular variability with no correlation with the susceptibility profile to fluconazole (MIC range 4 to ≥64 mg/l). To our knowledge, this study is the first describing the association between C. neoformans and Hymenaea courbaril. These observations extend the known geographic distribution of and substantiate a new urban environmental niche for C. neoformans and also emphasize the genetic diversity of the environmental C. neoformans VNI molecular type isolates.
Introduction
The basidiomycete Cryptococcus is an opportunistic genus that can cause meningitis, primarily in immunocompromised patients with AIDS.
The most clinically relevant complex species was recently revised based on phenotypic and genotypic diversity, supported by the presence of distinct and consistent lines, and it proposes to recognize the current C. neoformans var. grubii (represented by genotypes VNI and VNII) and C. neoformans (VNIII and VNIV) as separate species, as well as five species of C. gattii (represented by genotypes VGI, VGII, VGIII, and VGIV) [1, 2, 3] .
Cryptococcal fungal infection is transmitted by the inhalation of contaminated air. Cryptococcus members can be dispersed in several sources, such as fruits, vegetables, soil, insects (including honey bees), and decaying wood [4, 5, 6] . While the major environmental source of C. neoformans is pigeon guano-contaminated soil, C. gattii is more commonly isolated from decaying wood [7] . Recent data have shown the presence of C. neoformans in the hollows of different tree species, suggesting that trees could be its habitat [6] . Current information cannot confirm whether C. neoformans co-habits in the same environmental niches as C. gattii [8] . This study describes the first documented isolation of C. neoformans from a typical Brazilian plant, Hymenaea courbaril.
Materials and methods
The surveyed area was a state forest that occupies 174 hectares in the northern city (23.45950 • S 46.63217
of São Paulo, Brazil. The park receives thousands of visitors annually looking for fauna and flora in its picnic areas, and it features playgrounds, jogging tracks, open-air fitness equipment, drinking water fountains, and lakes. The inner parts of the hollow trunks of the following nine tree species were sampled quarterly during 2012: Casuarina equisetifolia, Alchornea sidifolia, Tibouchina granulosa, Eriobotrya japonica (yellow plum), Rapanea umbellata, Machoenium nictitans, Ocotea puberula (gooey cinnamon), Ficus microcarpa, and Hymenaea courbaril. A total of four samples from each tree species were collected, totaling 36 hollow specimens.
The scraped wood was obtained with a sterilized spatula, and aliquots of approximately 15 g were transported in sterile plastic bags to the Public Health Reference Laboratory Adolfo Lutz Institute to be processed. Briefly, 10 g of each vegetal sample was suspended in 40 ml of sterile saline. After vortexing (2 min), the suspension was centrifuged for 10 min at 2000 rpm. The supernatant was aspirated (8 ml) and mixed with 2 ml of penicillin solution containing 1.2 million IU (4.5 mg/ml) of streptomycin solution (10 mg/ml). After sedimentation for 15 min, 10 μl of the resultant mixture was transferred to 10 Petri dishes containing bird seed agar (BSA) [9] . The plates were incubated at 30
• C and were observed daily for up to seven days. All brown, creamy, and mucous colonies were sub-cultured in BSA-containing tubes and were stored for future phenotypic identification. The presence of capsules, urease production, the absence of sugar fermentation, a typical assimilation profile and a negative canavanine-glycine-bromothymol blue (CGB) test suggested the presence of C. neoformans [10] . Molecular typing was determined using URA5-RFLP analysis after amplification of the URA5 gene from highmolecular-weight DNA [2] . The obtained URA5-RFLP patterns were visually assigned by comparison with the patterns of the following reference strains: WM 148 (VNI), WM 626 (VNII), WM 628 (VNIII), and WM 629 (VNIV) [11] . The mating type was determined by PCR reactions performed according to the procedures in Chaturvedi et al. (2000) . The polymerase chain reaction (PCR) fingerprinting analysis with the minisatellite-specific core sequence of the wild-type phage M13 was used to verify the genetic variability among colonies [12, 13] . The minimum inhibitory concentration (MIC) of fluconazole was determined in accordance with definitive European reference antifungal susceptibility testing (AFST-EUCAST) method E.Def.7.2 [14] , and the obtained MIC values were categorized as recently proposed [15] .
Results
We identified a single H. courbaril tree harboring C. neoformans. A total of 42 colonies were recovered during summer, autumn and winter from hollow trunks ( Fig. 1 ) with a high (median 10 2 CFU/g) fungal burden. Table 1 shows the number of C. neoformans colonies according to season. All of the colonies were identified as C. neoformans var. grubii VNI and MATalpha (data not shown). The antifungal susceptibility of 19 isolates showed a broad range of minimum inhibitory concentration values of fluconazole (FCZ-MIC range, 4 to ≥64; MIC 50 , 16 mg/L; MIC 90 , 32 mg/l) ( Table 2 ). According to the fluconazole epidemiological cut-off value proposed for VNI (MIC 8 mg/l), 78.9% of the isolates collected in the present study were not classified as wild-type strains. Using M13 PCR fingerprinting, it was possible to observe a high degree of variability among the 42 selected colonies (Fig. 2) .
Discussion
A classic study reporting the presence of encapsulated yeasts in peach juice, which were further classified as the genus Cryptococcus, suggested long ago that Cryptococcus is not an obligate human pathogen [16] . Furthermore, studies worldwide have indicated that the C. neoformans lifecycle involves bird guano [9, 10, 11, 17] and C. gattii has been associated with the debris of trees [18, 19, 20] . These findings stimulated new studies of decaying wood in the hollow trunks of trees to elucidate the environmental extension of Cryptococcosis agent dispersion [21] . In the last decade, considerable data have resulted from approximately 400 studies revealing the occurrence of Cryptococcus yeasts in approximately 50 tree species belonging to several families and genera [8] .The majority of studies provided evidence that C. gattii inhabits living trees [3, 22, 23, 24, 25] and, to a lesser extent, that C. neoformans can also survive in plants [6, 25, 26, 27, 28] . All of these materials could play roles in the airborne dispersal of infective propagules, gaining particular relevance in crowded regions, such as the urban areas of large cities. This study was conducted in a public park with high human activity, and it revealed the presence of C. neoformans inside a hollow trunk of a typical Brazilian tree. Surprisingly, we verified high genetic variability among the isolates, although they shared the same molecular type and mating type, possibly as a consequence of adaptive mechanisms against environmental predators. Additionally, we found a higher rate of non-wild-type isolates compared with wild-type isolates, considering the epidemiological cutoff values proposed for VNI molecular type. This finding reinforced that microevolution is a factor in the survival of natural niches [7] , alerting us to possible antifungal resistance mechanisms among environmental isolates. Notably, C. neoformans has not previously been reported in H courbaril, although this tree species was sampled in a primary study of enclosing native jungle trees [22] . H. courbaril Linnaeus var. stilbocarpa (known popularly as jatoba, jatoba-the-woods, sweet beans, and sausage) represents the most commercially and industrially valuable species in the genus. The genus Hymenaea consists of 13 species occurring throughout Brazilian territory, in both rain forests and dry forests [29] . It appears that the age and health of the tree could influence the maintenance of viable Cryptococcus cells. It is possible that the exposure of the inner layer of the plant, which is rich in lignin material, due to tree injury could promote colonization by yeast cells. In fact, we observed the deterioration of the wood inside the positive hollow trunk. The colonization of decaying wood and tree hollows by C. neoformans seems to be enhanced by the ability of wood-rotting fungi to produce laccase, which is a lignin degradation enzyme. The wood of Hymenaea contains up to 30% lignin [30] .
Although there has been no evidence that C. neoformans degrades wood by itself, it can survive together with other fungi and bacteria on wood surfaces. As previously hypothesized, the inner part of the tree is the probable niche for the yeast, which is not restricted to decaying debris. We estimated the C. neoformans density at 10 2 CFU/g (average) in the positive samples, while Lazéra and co-authors reported a higher burden in hollow trees [6] . Interesting findings were observed regarding the seasonal prevalence of Cryptococcus colony recovery. During spring, numerous fast-growing fungi covered the surface of the agar containing the environmental samples, although we used rose-bengal in the medium, which could explain the complete absence of Cryptococcus colonies during this season. In contrast, in summer, we observed the largest number of melanized colonies. The influence of the weather on recovering Cryptococcus has been previously demonstrated, with studies finding that Cryptococcus was more frequently isolated when rainfall decreased [20, 26] . Conversely, we found the highest number of cryptococcal colonies in samples collected during the summer, which is the local rainy season. According to our data, additional studies are warranted to better characterize the components of positive hollow trees to determine the main compound that serves as the nutrition source that allows for the survival of C. neoformans. To the best of our knowledge, this study is the first describing the occurrence of C. neoformans VNI moleculartype MAT-alpha in wood from hollow trunks of H. courbaril. Studies describing new ecological niches in native trees worldwide could be important in clarifying the ecological aspects of C. neoformans and could increase knowledge about its lifecycle in association with plant material and natural azole resistance. Further environmental studies are likely to demonstrate a broader spectrum of host trees and greater molecular variety among environmental isolates of the main agent of Cryptococcosis.
